|  KHOA HOC

CONG NGHE

AP DUNG THUAT TOAN QUY HOACH PONG SAI PHAN ROI RAC
CHO VUNG KHONG GIAN GIAI PHAP CAN TOI UU TU THUAT TOAN
DI TRUYEN TRONG BAI TOAN VAN HANH HE THONG
PA HO CHUA THUY PIEN

Ho S§ Mé&o, Hoang Thanh Tung
Truong Dai hoc Thuy loi

Tom tit: Van hanh toi wu cac he thdng ¢6 nhiéu ho chira thiy dién hi¢n nay van con la vin dé phitc
tap do cac thudt toan 161 wu hién nay van gap nhiéu han ché de c6 thé gidi cdc bai todn hé thong lom.
Vin dé phuic tap & ddy chinh la mat qua nhiéu thoi glcm dé chay md hinh do vung khdng gian gidi
phap téi weu qua Ién. Thudt toan di truyen (GA) c6 kha nang gidi quyet céc bai toan h¢ thong lon tuy
nhién ciing can mdt nhiéu thoi gian d@é c6 thé tim dwoc gidi phap t6i wu hodc chi tim dwoc glal phap
can toi wu. Nguweoc lai, thugt toan quy hoach dong sai phan roi rac (DDDP) dira trén nguyén tac cua
phuong phap quy hoach dong c6 thé tim nghlem can '[01 wu trong vung khong gzan ‘hep nhung lai
khéng thé fim dwoc trén viing khong gian qua rong do vén dé vé chiéu. Do @6 cé thé sir dung thugt
todn DDDP dé tim glal phap cdn toi wu trong ving khong gian hep sau khi da chay bai toan bang
thudt todn GA dé tao ving khéng gian do. Bai bdo nay trinh bay cach su: dung thudt toan DDDP dé
cai thién quy dao myc nudc van hanh can t6i wu cho hé thong ho chiza thaiy dién lon.

Tur khoa: Hé thong da ho chira, thudt toan di truyén, thudt toan quy hoach déng sai phan roi rac,
thuy dién bdc thang.

Summary: The optimal operation of hydropower systems with multiple reservoirs remains a
complex issue due to limitations in current optimization algorithms when dealing with large-scale
systems. The main complexity lies in the significant time required to run models due to the vast
solution space. While Genetic Algorithms (GA) show promise in solving large-scale system
problems, they too demand considerable time to find optimal solutions, often settling for near-
optimal ones. On the contrary, the Discrete Differential Dynamic Programming (DDDP) algorithm,
based on the principles of dynamic programming, can find near-optimal solutions within a narrow
solution space but struggles to do so in overly expansive spaces due to dimensionality issues.
Therefore, utilizing DDDP to find near-optimal solutions within a narrow solution space after
running the problem through GA to create that space may be beneficial. This paper presents the
application of DDDP algorithm to improve the near-optimal water level trajectory for large
hydropower reservoir systems.

Keywords: Multi-reservoir system, genetic algorithm, discrete differential dynamic programming
algorithm, cascade hydropower.

1. GIOI THIEU

Cac ky thuat t6i uu hoa trudc day thuong st
dung phuong phap t61 uu toan hoc trong cac
bai toan phan tich quan Iy tai nguyén nudc co
thé phan thanh ba nhém chinh: quy hoach

vé ham muc tiéu va diéu kién rang budc nén
viéc tinh toan tim giai phap van hanh t6i vu
cac ho chira thuong sir dung phuong phap DP.
Tuy nhién cac giai phap DP thuong ap dung
cho céac hé théng nho v6i sb luong hd chira it.

tuyén tinh (LP), quy hoach dong (DP) va quy
hoach phi tuyén (NLP). Hau hét cac hé thér,lg
tai nguyén nudc déu co cac tinh chat phi tuyén
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Hién nay, mdt ) ky thuat tdi wu méi duoc
phat trién phai ké dén 1a cac k¥ thuat t6i vu
Heuristic, k¥ thuat dya trén tri tu¢ nhan tao Al
va ky thuat t6i wu mo. Mot sé ky thuat duoc sir
dung phd bién nhu ky thuat GA, PSO, DE,
ANN, ANFIS.

GA 1a mot loai ky thuat tim kiém tbi wu dua
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trén co ché chon loc tu nhién va di truyén tu
nhién bit ngudn truc tiép tir thuyét tién hoa ty
nhién. GA mo6 phong cac co ché di truyén
quan thé va cac quy luat ton tai tr nhién nham
theo dudi cac y tuong vé su thich nghi va s
dung cac von tir muon tir di truyén hoc tu
nhién. GA la mét phuong phap manh mé dé
tim kiém giai phap t6i wu cho mot bai toan
phuc tap. Vé co ban, n6 1a mot cach tlep can
thong minh ty dong dé tim ra hudng giai quyét
cho mot bai toan, mic du doi khi né khong dan
dén giai phap t6i uu téng thé. Orero va Irving
(1998) [1] giai quyet bai toan xac dinh lich
phat dién theo gio téi wu trong hé thong thiy
nhiét dién. Gil va cong sw (2003) [2] st dung
ky thuat GA dé giai quyét bai toan lap ké
hoach phat dién ngan han cho cic hé thong
thuy nhiét dién. Modarres va cong su (2004)
[3] giai quyét bai toan phdi hop van hanh hé
thong thay nhiét dién dai han véi cac hd chira
thuy dién bac thang va dong chay ngau nhién
bang thuat toan di truyén GA. Zoumas va cong
su (2004) [4] sir dung thuat toan di truyén
nang cao EGA dé giai quyét bai toan cho hé
thong dién & Hy Lap bao gém 13 t6 may thity
dién va 28 t6 may nhiét dién. Kumar and
Naresh (2007) [5] da giai quyét bai toan lap ké
hoach thuy nhi¢t dién ng'fln han dua vao thuat
toan di truyén mé héa thuc RGA véi ham chi
phi lién tuc va khong 16i.

K¥ thuat quy hoach dong duoc gisi thidu dau
tién boi Bellman (1957)[6] la mét phuong
phap toi wu hoa dya trén nguyen tac toi uu
hinh thanh tir cong thirc ciia mot s6 bai toan tdi
wu héa nhdt dinh. DP dd dugc nhiéu nha
nghién ciru s dung thanh cong dé t6i wu hoa
hé thong tai nguyén nudc, cic hé théng hod
chira thuy dién va van hanh tdi wu cac tram
phat dién trén hé théng, tiéu biéu mot sb
nghién ctru ing dung gan day nhu sau: Ferrero
va cong su (1998) [7] tiép can ky thuat DP
méi dé lap ké hoach dai han thuy-nhiét dién
ctia hé thong nhiéu ho chira. Mousavi (2002)
[8] su dung k§ thuat DP dé giai quyet bai toan
t6i uvu hoa van hanh hé théng nhiéu hd chira da
muc tiéu. Zheng va cong su (2015) [9] ap dung
ky thuat Parallel DP dé cai tién quy trinh tinh
toan dé quy ndi tiép cua thuat toan DP, md

hinh tinh toan cho hé théng thuy dién bac
thang song Yalong, Trung Qudc. Li va cong su
(2020) [10] st dung DP dé phan phdi luu
luong ti uwu gitra cac to may thiy dién
Baluchaung II, Myanmar. Han ché cua thuat
toan DP d6 13 yéu cau rit 16n vé bd nhé va
thoi gian thuc thi. Viéc ap dung DP cho cac
bai toan ¢ nhiéu hon 3 ho chira 1a van 1a mot
nhiém vu diy thach thuc trén cac may tinh
ngay nay. Cac bién thé ctua DP ra doi dé khic
phuc han ché vé chiéu cia cac bai toan hé
thong 16n. Pang cha ¥ trong s6 nay 1a quy
hoach dong sai phan roi rac DDDP. Pay la céac
k¥ thuat 1ap va bat dau voi gia dinh vé quy dao
thir nghiém. DDDP dugc thiét ké dic biét dé
khic phuc van dé vé chiéu do DP dit ra. Ky
thuat nay duoc sir dung phuong trinh dé quy
gidng DP dé tim kiém gitta cac bién trang thai
101 rac trong mién trang thai. Thay vi tim kiém
t6i uu trén toan bo mién nghiém trang thai,
viéc tdi wu hoa chi gidi han & mdt phan cla
mién nghiém trang thai gitp tiét kiém thoi
gian va by nhd may tinh. DDDP dugc phat
trién boi Heidari va cong su (1971) [11] da
gidi quyét bai toan 4 hd chira cia Larson dua
ra nam 1968. Hairong va cong su (2018) [12]
ap dung thuat toan DDDP két hop véi thuat
toan LSDC dé 1ap ké hoach van hanh t6i uu
cac tram thity dién ba hé thong séng bao gom
Mid-Jinsha, Yalong va Jinsha. Peng va cOng
su (2018) [13] nghién cGu thuat toan quy
hoach dong sai phan ro1 rac mau xdm GDDDP
dé ti uu hoa van hanh hé thong thiy dién bac
thang Baishan va Fengman & phia dong bac
Trung Qudc.

Trong bai bao nay tac gia mudn trinh bay
cach str dung hai thuat toan la GA va DDDP
dé gial quyet bai toan van hanh ti vu cho hé
théng ho chira thuy dién lon. Thuét toan GA
s€¢ dugc dung dé tim quy dao van hanh cén
tdi wu ban dau, c6 nghia 1a giéi han ving
khong gian nghiém cho thuat toan DDDP.
Sau khi da c6 giéi han vung khong gian
nghiém hep thi st dung thuat toan DDDP dé
tim giai phap tdi wu nhét trong ving khong
gian d6. Vi cach giai quyét nay s& phat huy
duoc hiéu qua cua hai thuat todn cho hé
théng phtc tap.

110  TAP CHi KHOA HOC VA CONG NGHE THUY LQI SO 84 - 2024



2. CAC THUAT TOAN TOI UU

2.1. Thuit to4n di truyén

GA mod phong cac co ché di truyén quin thé,
cac quy ludt ton tai trong ty nhién. GA dai dién
cho mot giai phap bang cach sir dung chudi
cac bién quyet dinh cho bai toan. Trong sinh
hoc cac chudi nhu vay dugc goi la cac nhiém
sdc thé (NST) hoidc 1a cac c4 thé. Mdi NST 1a
mot giai phap tiém ning bao gdm cac chudi
con hodc cac gen dai dién cho cac quyét dinh
c6 thé duoc su dung dé danh gia ham muyc tiéu
ctia bai toan. Cac NST nay duoc két hop thong
qua cac toan tir di truyén dé tao ra cac NST ndi
tiép nhau. Cac toan ttr di truyén duogc s dung
trong qua trinh sinh san 1a sy chon loc, lai chéo
va dot bién. Cac NST trong quan thé c6 gi tri
thé trang tot c6 kha nang duoc chon loc dé to
hop voi cac NST cé thé trang tdt khac dé tao
ra NST moi ¢ cac gen tot. Qua cic qué trinh
chon loc dya trén gia tri thé luc cac ca thé &
thé hé sau s& tot hon ca thé bd me. Toan bd
quy trinh GA dugc phép phat trién trong mot
s6 thé hé du 16n va vao cudi qua trinh tién hoa,
mdt NST dai dién cho mot gidi phap tdi uu
(hodc cén t6i wu) cho bai toan s& thu duoc.
Trong thuat toan GA, ham danh gia thé lyc va
cac toan tir di truyén tao nén tinh wu viét ciia
thuat toan.

Ham déanh gid thé Iyc (fitness function) thong
thuong 1a ham muc ti€u cua bai toan. Trong
phuong phép di truyén gia tri cia ham danh
gia dugc dung dé danh gia thé trang cua cac
NST dé tham gia qua trinh di truyén. M&i NST
déu bao gébm cac gen dai dién cho cac bién
quyét dinh dugc su dung dé xac dinh gia tri thé
lgc cia NST. Muc dich trong thuat toan di
truyén 1a tao ra NST t6t nhat mang lai gi4 tri
ham muc tiéu tdi wu, tuc 1a gia tri thé chat tot
nhat vao thé hé cudi cung. Trong tinh toan gia
tri thé luc néu cac NST vi pham cac diéu kién
rang buc cua bai toan thi s€ phai ap dung ham
phat dé giam truc tiép gia tri thé luc cua céc
NST dé.

Chon loc 1a qua trinh ma cac NST tir thé hé
trude dugc chon cho thé hé tiép theo. Nguyén
tac lua chon trong cac thuat toan di truyén vé co
ban tuan theo chon lgc ty nhién ctia Darwin [14].
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Qua trinh chon loc hudng tim kiém di truyén toi
cac Vung c6 trién vong trong khong gian giai
phap t6i wu. Hién nay co nhiéu phuong phap

chon loc dq duoc dé xuét nl}u lya chon ty 1€, lya
chon giai dau va lya chon xép hang.

Lai chéo 1a mot trong nhitng toan tir ndi bat
duoc sir dung trong cac thuat toan di truyén.
Qua trinh lai chéo rat quan trong trong viéc tao
ra cic NST moi bang cach két hop hai hodc
nhiéu NST cha me véi hy vong rang chung tao
ra cac NST méi va hiéu qua. Lai chéo xdy ra
sau khi da lya chon cac cap NST cua cha me
va gitp trao d6i thong tin di truyén gitra cha
me dé tao ra con cai. Hién nay c6 mot )
phuong phap thuc hién phép lai chéo: Single
Point, Two Point va Uniform.

Pét bién dong vai tro tuong d6i quan trong
trong viéc t01 vu di truyén, nd _gioi thiéu cac
gen moi xuét hién trong mot quan thé cta tu’ng
thé hé. Cac gen méi ndy co thé tao nén gia tri
thé trang tdt cho NST. Dot bién xdy ra véi mot
s xac suat rat thap tir 0.001 dén 0.1 cho sb
lugng gen trong chudi. Trong mi héa nhi
phan, toan tir 4ot bién thay doi gia tri cua bit
thanh gia tri ngugc lai, tire 1a 0 thanh 1 hodc 1
thanh 0. Hién nay, c6 nhiéu phuong phép tao
toan tir dot bién trong d6 phd bién nhit 1a
Uniform va Non-uniform.

START

!

Khéi tao quan thé ban dau

l

Thé hé ban dau, generation=0

l

Panh gia thé trang

Thé hé cudi cling. No

generation = max

es
Chon loc

END 1

Lai chéo

|

Bét bién

—_—

generation + 1

Hinh 1: Luru d6 thudt todn di truyén
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Quy trinh thyc hién thuat toan di tmyén duoc
thé hién nhu Hinh 1. Trong bai toan hé thong
hd chira thiy dién thi thut toan GA duoc ap
dung dé tim duoc quy dao myc nudc cua gidi
phap can tdi wu sau khi da thuc hién thuét toan
GA dén thé hé cubi cung. Quy dao myuc nudc
tim duoc tuy chwa phai 13 giai phap t6i wu téng
thé nhung né tao ra mot ving khong gian giai
phap cho thuat toan DDDP.

2.2. Thuat toan DDDP

DDDP bit dau voi viée thiét 1ap quy dao thir
nghiém ban dau. Quy dao 1a chudi cic phép
bién d6i cua vecto trang thai trong toan bo chu
ky voi N giai doan cua phép phan tich hé thong
Mot quy dao 1a kha thi néu né thoa man tat ca
cac diéu kién rang budc dit ra dbi voi hé théng
va nd con tdi wu hoa tiéu chi myc tiéu vé higu
sudt ciia hé thong. Y tudng viéc hra chon quy
dao thur nghiém ban dau la cung cap cho qua
trinh tim kiém quy dao tdi wu, ca diém bat dau
va hanh lang xung quanh quy dao thtr nghiém
noi quy dao tdi uu du kién s& xuat hién.

Sau khi x4c dinh dugc quy dao thur nghiém
ban dau, budc tiép theo clia quy trinh DDDP
bao gom xdy dyng mot hanh lang xung quanh
no, xac dinh cac gia tri giéi han cta cac bién
trang thai dugc su dung trong vi¢c tdi uu hoa
hé¢ thong. Trong quy trinh nay dau tién can
khéi tao chiéu rong ban dau ctia hanh lang va
cap nhat chiéu rong hanh lang sau mdi chu ky,
tiép do6 1a xay dung hanh lang xung quanh quy
dao thu nghiém. Quy trinh tinh todn tim quy
dao toi wu trong hanh lang duoc thiét 1ap giéng
phuong phdp quy hoach dong voi phu’ong
trinh d¢ quy (1) trong mién khong gian bién
trang thai dugc thé hién nhu Hinh 2.

bién trén
= O P P . .
g N VAX/-”\ /7. >/7'\\ a.quydaa ban d4u
N
gN \ O dh A%
SN e

\bién duéi

'\ quy dao téi v
0 t t+1 N-1 N (giai doan)

Hinh 2: Khéng gian mién nghiém trong hanh lang

Fy(Sy) = Max [Ry(Sy, Dy-1) + )
Max Y321 Rn(Sp, Dn-1) ]
Trong d6 F 13 mot ham téng hop cua cac phép
bién ddi hé thong tr mot vecto trang thai ban
dau S, dén mot vecto trang thai cudi Sy 1a két
qui cua mot chudi cac vecto quyét dinh
Dy,..,Dy_1; ham R, (S,, D,,_;) la ham gia thu
duoc do cac quyét dinh chuyén trang thai tai
giai doan n.
Vung nghiém trong Hinh 2 chinh la vung
nghiém duogc tao ra tor quy dao ban dau duoc
thiét 1ap tir thuat toan GA. Khéac véi thuat toan
quy hoach dong 1a phai tim giai phap t6i uu
trén toan bo khong gian mién nghiém cua bai
toan, trong khi v&i cach ap dung két hop hai
thuat toan GA va DDDP thi vung giai phap
ctia quy hoach dong nam trong khong gian thu
hep hon nhiéu. Do d6 thoi gian tinh toan trong
cach ap dung nay s& nhanh hon rat nhiéu so
v6i cach ap dung DDDP thong thuong.
3. HE THONG HO CHUA THUY DIEN
Hé thong hd chtra thuy dién dugc ap dung la
hé thong c6 5 hd chira thuy dién bac thang trén
luu vuc séng Da bao gom Ban Chat, Huoi
Quang, Lai Chau, Son La va Hoa Binh. Pay la
hé thong thuy dién lon nhat ¢ Viét Nam va
cling duoc xép vao cac hé thdng hd chira thiy
dién 16n trén thé giéi véi tong dung tich diéu
tiét gan 15 ty m® nude. Thong s6 cac ho chira
dugc trinh bay trong Bang 1.
Trong bai toan tdi wru hoa thi can phai xac dinh
dugc ham muc tiéu cua bai todn. Trong nghién
clru nay ham muyc tiéu cta bai toan dugc chon
la tong sdn luong phat dién hang ndm cua hé
thong hd chu’a
)
Max E = Z z 9.81n; +Q; H; AT; ¢
i=1t=
Trong d6 dién ning E hang nim (10 kWh) la
dién nang tong tir 5 hd chia; i-chi s6 hd chua
trong md hinh; t = 0 = 11 twong Ung véi s6
thang trong 1 nim; mit hiéu suit tudc bin;
Qit luu luong x4 ra tur tuabin thuy di¢n ho i
trong giai doan t (m%s); va Hit, cot nudc
phat dién cua thay dién ho i trong giai doan t
(m); ATitthoi gian phat dién trong giai doan
t ciia hd i (gio).
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Bang 1: Thong s6 chinh hé théng thiy dién trén song Da
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Ho chira Ban Chat | Hudi Quang | Lai Chau | SonLa | HoaBinh
Dién tich luu vuc (Km?) 1929 2824 26000 43760 51700
MNDBT (m) 475 370 295 215 117
MNC (m) 431 368 265 175 80
Dung tich toan bo (10°m?3) 2137.7 184.2 1215.1 9260 9862
Dung tich chét (10°m®) 435.3 167.9 415.0 1756.4 3800
Dung tich diéu tiét (10°m3) 1702.4 16.3 799.7 6503.6 6062
Cong suat lip may (MW) 220 520 1200 2400 1920
Dién nang trung binh (GWh) 770 1904 4670 9282 10492

H¢ théng c6 5 ho chua duoc quy dinh trong
so do trong Hinh 3 bao gobm ho 1-Lai Chau,
ho 2- Ban Chat, ho 3-Hudi Quang, ho 4-

Son La, va hd 5- Hoa Binh. Phuong trinh
lién tuc duoc bieu dién nhu sau:

(S1E+1)y (i@ (@Y =1 0o 0o 0 07 (R 3)
S| 80| |eo| o 21 0 o o|rR®
Ss(t+1) S p+{L@®)+|l0 1 -1 0 o0 | Rs(0)
l54(t + 1)J LS4(t)J LI4(t)J l 1 0 1 -1 0 | LR4(t)J
Ss(t+1) Ss(t) I5(t) 00 0 1T =11 Rs(0)
Trong d6 Siy, lit, Rit twong tmg 14 dung tich hd NI < N, < NP (8)

chira, dong chay vao ho, lwong xa ra khoi hd
chtra 1 tai giai dpan t; Sit+11a dung tich ho ghl’re}
tai giai doan tiép theo; M 1a ma tr§1n hé so thé
hién dong chay vao hodc ra khéi ho chira.
- Diéu kién rang buoc vé dung tich, muc nuoc:
Smin < S- < Smax (4)
Z:Téln < Zl " < Zmax (5)
Trong do tuong Ung 1a dung tich
t6i thiéu va dung tich toan phan cua hd chira i;
Z[’ém Z"%* tuong Gng 1a myc nudc téi thiéu
va tbi da ctia hd chira i ¢ thoi doan t.

Smm S_max

- Piéu kién rang budc vé heu lirong xa:

Q"™ < Qur < Qm‘”‘ (6)

Qie = Q) (7)

Trong d6 le”‘ Q™ tuong tmg 1a luu lugng
xa qua tudc bin tdi thiéu va tbi da ctia ho chira
i. Ngoai ra Qit phai théa man duong cong dac
tinh van hanh luu lugng ctia tude bin hd i; Qi’ tc
1a lvu lugng xa yéu cau hang thang cflaqhé
chira i, n@ phu thudc vao nhu cau lgi dung tong
hop ngudn nude cho cac muc dich khac
- Piéu kién rang budc vé cong sudt:
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Trong do Nmm N{™™ tuong ung la cong
sut phat toi thiéu va t6i da cua nha may
thuy dién ho chtra i. Ngoai ra Ni; phai thoa
man duong cong dic tinh van hanh cua tude
bin thay dién hd i.

4. PHAN TiCH KET QUA

D6i voi bai toan hé théng hd chira sir dung
thuat toan GA thi ham ngiu nhién khéi tao gia
tri thue gifra cac gidi han dudi va trén tuong
tmg v6i luu luong phat dién tir nho nhit dén
16n nhét cta timg nha may thay dién, do do
dam bao cac bién quyét dinh duoc gan 1a cac
bién lién tuc va bao phu toan bo khong gian
tim kiém. S6 lugng gen trong NST phu thudc
vao sd lugng cac hd chua va cac budc thoi
gian dugc tinh toan trong mo6 hinh. Trong bai
toan nay c6 5 hd chra duoc tinh toan voi 12
bude thoi gian tuong ung 12 thang trong nam
thi c6 60 bién quyét dinh tuong g véi 60 gen
trong NST. Trong cac bai toan van hanh ti vu
ho chira thi can phai tinh toan cho chudi nim
dé tinh toan gia tri toi wu trung binh nhidu nim
vé san luong phat dién hang nam. Trong bai
bao nay dé lam rd sy cai thién quy dao muc
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nude téi wu bang thuat toan DDDP cho 5 hd
chtra nén nghién ctu chon ndm tinh toan la

nam trung binh nudc (P=50%) twong ung voi
nam 1970.

1. LAl CHAU 2, BAN CHAT

3. HUQI QUANG

4. SON LA

5. HOA BINH

Hinh 3: M6 hinh hé thong hé chira thiy dién
trén luu vuc song Da

Trong bai toan nay kich thudc quan thé dugc
chon 12 1000 dé c6 thé duy tri mic do da dang
di truyén mong mudn cho cac quan thé ban
dau va cac quan thé tiép theo. Cac toan tur di
truyén nhu chon loc, lai chéo, d6t bién c6 muc
tiéu nham thuc hién da dang hoa quén thé &
thé hé tiép theo bang cach 1a chon loc cac gen
va cac NST bd me ¢o gia tri thé luc tbt, sau do
thyc hién lai chéo hay trao do6i gen giira 2 NST
bd me dé cho ra NST con ¢ bd gen tdt hon,
dot bién giup cho NST lam mdi cac gen theo
md xac xuat nho dé tao ra cic gen mdi khac
vO1 cac gen cua bd me. Xac suit lai chéo duge
chon 1a 0.7 phu hop véi nhiéu bai toan di
truyén da duoc ap dung. Xac sudt dot bién
trong Ung v6i khoang mot gen dot bién trén
mdi NST dd dugc xem xét v6i xdc sudt dot
bién 1a 0.02. Thuat toan GA thyc hién tim
kiém cac giai phap toi wu cai thién qua timg
thé hé, moi mot thé hé no tim ra duge mot giai
phap t6t nhét, cac gia trji thé luc tot hon ludn
dugc tim thay ¢ cac thé hé tiép theo cho dén
khi cac yéu té di truyén hién co khong thé cai
thién thém gid tri thé lyc thi c6 thé dung lai.
Trong bai toan nay sb lugng thé hé dugc chon
14 200, su thay d6i ham thé luc qua timg thé hé
duoc thé hién trong Hinh 4.
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Hinh 4: Sw thay déi gid tri ham fitness theo thé hé

Thuat toan GA cap nhat gia tri ham muc tiéu
qua tung thé hé, cac thé hé ban dau thuong cho
gia tri thé lyc rat thap (gia tri 4m) boi vi cac
NST duoc khéi tao ngiu nhién cac bién quyét
dinh nén s€ vi pham nhiéu rang buQc trong
tinh toan gia tri thé luc do d6 cac ham phat
dugc 4p dung truc tiép vao cac ham thé luc
lam cho gia tri thu dugc nho. Thong qua cac
toan tr di tmyén nhu chon loc, lai chéo, dot
bién thi cac thé hé tiép theo cac gia tri thé luc
dugc cap nhat nhanh chong. Hinh 4 cho théy
trude thé hé 100, cac gia tri thé luc lién tuc
duoc cap nhat va bién thién khong theo mot
quy luat nhat dinh, duong cong fitness c6 do
dbc 16n, sau thé hé 100 dén 150 xu hudng cap
nhat gia tri thé luc giam dan, sau thé hé 150
cac duong cong gin nhu hdi tu tao thanh
duong thang. Piéu d6 cho thdy voi sd thé hé
200 dugc chon 1a hop 1y, va khong can phai
chon ting thém vi anh hudng dén thoi gian
tinh toan. Do khong c6 sy cai thién thém vé
gia tri fitness nén & thé hé cudi cung s& tim
dugc giai phap can t6i wu cho bai toan hay 1a
tim duoc quy dao muc nudc can ti wu twong
ung voi duong quy dao nét dat trong cac Hinh
5-9. Cac quy dao nay dugc st dung lam quy
dao ban dau va hinh thanh nén ving khong
gian nghiém cho thuat toan DDDP.

Thuat toan DDDP bat dau voi xay dung hanh
lang khong gian bién trang thai xung quanh
quy dao ban dau (quy dao duoc thiét 1ap & thé
hé cudi GA). Chiéu rong hanh lang ban dau
duogc thiét 1ap tuy thude vao sé chu ky tinh
toan, néu sé chu ky nho thi nén chon chiéu
rong hanh lang nho, ngugc lai chu ky 16n thi
chon chiéu rong 16n dé ting ving khong gian
nghiém. Hanh lang ban dau dugc thiét lap tir
quy dao ban diu véi cac phan tr [Z1,..,Z12],
mdi phan tir Z trong quy dao thiét 1ap véc to
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(upper, central, lower) trong d6 upper la quy
dao bén trén, central 1a quy dao trung tam,
lower 1a quy dao bén dudi. V4i quy dao ban
dau duoc xay dung tir GA, cic quy dao & cac
chu ky tiép theo s& duoc DDDP cép nhat cho
dén chu ky cubi cung. Sau khi khéi tao xong
hanh lang ban dau thi thuét toan DDDP thuc
hién tinh toan gia tri myc tiéu va cdp nhat muc
tiéu theo timg chu ky. Sau khi két thuc mot
chu ky, thi quy dao nao cho gia trj muyc tiéu tbt
nhit s& duoc chon 1am quy dao cua hanh lang
tiép theo. Chiéu rong hanh lang & cic chu ky
tiép theo duoc giam nho so voi chu ky trude
theo mot ty 1€ cho trudc. Quy trinh tinh toan
tiép tuc cho dén khi két thic chu ky tinh toan.
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So sanh quy dao t6i vu cia DDDP va GA cua
cac ho chia cho thdy duong quy dao DDDP
thudng ndm cao hon duong quy dao GA vao
cac thang mua kié¢t, va nam gan duong quy dao
GA 06 cac thang mua Iii. Nguyén nhan la vi quy
dao GA c6 xu hudng bam sat duong gidi han
dudi cua biéu do diéu phdi cia cac ho chira dé
tranh vi pham rang budc vé dung tich, chinh
diéu nay lam cho muc nudc hd xubng thap
trong quéa trinh van hanh lam giam cong suat
phat dién kha dung cua cac hd chta trong mua
kiét. Trong qua trinh tinh todn quy dao DDDP
¢6 xu hudng tién 1én phia trén dé vao ving lam
viée toi uu cua biéu d6 diéu phdi cac ho chira,
v6i chu ky tinh toan cang nhiéu thi quy dao tbi
vu tiép tuc duoc cai thién dé c6 thé tiép can
dugc quy dao tdi wu tong thé cia bai toan
nhung nhu thé s& 1am cho thoi gian tinh toan
ting 1én. Trong diéu kién cho phép vé thoi
gian tinh toan thi s6 chu ky dugc lya chon hop
ly dé thu duoc gia tri can tdi wu chép nhan
duoc cua bai toan.

Trong chu ky tinh toan cudi cung cia thuat
toan DDDP thi cac gia tri can tdi wu vé ham
muc tiéu ciia bai toan dugc tim thay. Trong bai
toan nay gia tri ham muc tiéu chinh 1a tong san
lugng dién ctia ndam 1970 cho hé théng 5 hd
chura cta thuat toan DDDP trong chay mo hinh
t6i wu 1a 28431 GWh > 25000 GWh do thuat
toan GA. Piéu d6 cho thiy su cai thién quy
dao muc nudc lam tang gia tri san luong dién
muc tiéu trong nam.

5. KET LUAN

Bai bao trinh bay co s ap dung thuét toan toi
wu GA va DDDP vao hé théng da hd chua
thuy dién bac thang. Tinh todn 4p dung cho h¢
théng hd chira 16n gébm 5 hd chira thuy dién
trén luu vyc song Pa la Ban Chat, Hudi
Quang, Lai Chau, Son La va Hoa Binh. Pé ap
dung dugc thuat toan DDDP cho hé théng 16n
thi can thiét phai xdy dung duoc ving khong
gian nghiém can t8i uwu tir thuat toan GA. Két
qua tinh toan cho hé théng dbi véi nam trung
binh nudc cho thiy quy dao muc nuée cac hd
chtra dugc cai thién sau khi ap dung DDDP va
gia tri ham muc tiéu thu dugc tang so voi GA.
Diéu d6 cho thiy rang ddi voi cac bai toan hé
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théng 16n gébm nhiéu hd chira thi sy két hop phuong phap thong thudng gin nhu rat kho
gitra thuat todn GA va DDDP la gidi phap hi¢u  kha thi vé thoi gian thuc thi cua may tinh.
qua dé tim ra giai phéap can to6i uu trong khi cac
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